The cytotoxic activities of the n-hexane, chloroform and aqueous methanolic fractions prepared from the methanolic extract of the leaves of 23 Salvia taxa were studied for their cell growth-inhibitory activity against human cervix adenocarcinoma (HeLa), skin carcinoma (A431) and breast adenocarcinoma (MCF7) cells using the MTT assay. The n-hexane fractions of six Salvia taxa (S. hispanica, S. nemorosa, S. nemorosa l. albiflora, S. pratensis, S. recognita and S. ringens) and the chloroform fraction of S. officinalis l. albiflora produced over 50% growth inhibition of the skin carcinoma cell line. None of the tested extracts showed substantial (above 50%) antiproliferative effects against HeLa and MCF7 cells. S. ringens was the most powerful among the studied Salvia species with a 61.8% cell growth inhibitory activity on A431 cells. In the case of S. ringens, other plant parts were also tested for antiproliferative effect, and the highest activities were recorded for the root extract. This was subjected to bioactivity-guided fractionation, which yielded four abietane diterpenes (royleanone, horminone, 7-O-methyl-horminone and 7-acetyl-horminone), one triterpene (erythrodiol-3-acetate) and β-sitosterol. Horminone, 7-acetyl-horminone and erythrodiol-3-acetate displayed marked concentration-dependent antiproliferative effects, while royleanone and 7-O-methyl-horminone produced weaker activities.
The genus Salvia, involving more than 900 taxa, is one of the most important genera of the Lamiaceae family. Several species of this genus were used for healing diseases in ancient times and many of them have remained popular in folk medicine to the present day. Their biological effectiveness has been proven by many experiments under controlled circumstances [1] .
Beside the importance of volatile oils, the beneficial effects of non-volatile components have been revealed during the last two decades. It was discovered that besides flavonoids, tannins and triterpenes, Salvia species are also a rich source of diterpenes [2] . The frequency of abietane derivatives among sage diterpenoids has been shown by many authors [3a-3c] . Nitrogen-containing derivatives of diterpenes were isolated from the roots of the Chinese medicinal plant S. miltiorrhiza [4] . Moreover, the detection of certain abietanoids has provided chemotaxonomic and phytogeographic information [3b] . The most significant biological activities of abietane diterpenes have been demonstrated by in vitro studies in antibacterial, antiviral, anti-inflammatory, antioxidant, cardiovascular and cytotoxic tests [5a-5f] .
In spite of the results of in vitro experiments that support the significance of diterpenoids, there are some reports about the cytotoxic activities of volatile oils and triterpenes of Salvia species [6] [7] [8] . Ursolic and oleanolic acids, which are the most abundant pentacyclic triterpenoids in this genus, were proven to possess anti-tumor activities against certain human cell lines [9] . The antiproliferative activities of the isolated di-and triterpenes were tested on several tumor cell lines (for example, skin, colon, breast, ovarian, leukemia and prostate) [3b,5f,8]. Some of the identified abietanoids (for example, aethiopinone, taxodione, and palmitoyl arucadiol) showed remarkable effects in comparison with reference compounds [10a-10c] . In spite of the relatively large number of studied sage species and isolated components little information has been given on structure-activity relationships [11] .
The wide range of reports about effective components supports the necessity of studying biologically active diand triterpenes in Salvia species. Screens involving many species seem to be optimal for seeking effective plants. The bioactivity-guided investigation of the most active ones could lead to the isolation of compounds responsible Table 1 : Inhibition of cell proliferation of the tested fractions of Salvia extracts on three human cancer cell lines at 10 µg/mL concentration.
Salvia taxa
Fraction
16.5 ± 0.6 26.4 ± 1.9 40.9  1.9 S. glutinosa for the biological effects [12] . Our earlier investigation on the inhibition of lipid peroxidation by 11 Salvia taxa and the following fractionation of the extract of one of the most active species, S. candelabrum, revealed strong antioxidant abietane diterpenoids [13a-13b] . Therefore, a subsequent screen of 23 Salvia taxa was performed to study the antiproliferative activities of their fractionated extracts on three human cancer cell lines, using the MTT assay. The most effective plant was subjected to a detailed bioactivity-guided investigation, which led to the identification of components responsible for its antiproliferative activity.
Methanolic extracts were prepared from the leaves of S. aethiopis, S. argentea, S. austriaca, S. dumetorum, S. glutinosa, S. hispanica, S. jurisicii, S. nemorosa, S. nemorosa l. albiflora, S. nutans, S. officinalis, S. officinalis l. albiflora, S. pratensis, S. pratensis ssp. bertolonii, S. recognita, S. reflexa, S. ringens, S. sclarea, S. tomentosa, S. transsylvanica, S. verticillata, and S. viscosa, and from the herb of S. scabiosifolia. After evaporation, the extracts were dissolved in 50% methanol and subjected to solventsolvent partition, to yield n-hexane (I), chloroform (II) and aqueous methanolic fractions (III). The antiproliferative activities of these fractions were evaluated on HeLa, MCF7 and A431 cells ( Table 1 ).
All the fractions of different polarities of the 23 studied Salvia taxa exhibited only limited cytostatic effects on HeLa and MCF7 cell lines; in most cases the measured values did not reach 15% inhibition. Only the n-hexane fractions of S. hispanica, S. ringens and S. reflexa demonstrated more than a 30% cell growth inhibitory effect on HeLa cells. On MCF7 cells only the n-hexane fraction of S. austriaca and the chloroform fraction of S. verticillata produced similar potency, with 37.4% and 30.9% inhibition, respectively. The chloroform and aqueous methanolic extracts exhibited only very limited antiproliferative activities against HeLa and MCF7 cells in a few cases. However, some of the extracts had substantial effects on the A431 cell line. The n-hexane fractions of six Salvia taxa (S. hispanica, S. nemorosa, S. nemorosa l. albiflora, S. pratensis, S. recognita and S. ringens) and the chloroform fraction of the white flowered variety of S. officinalis produced higher than 50% cell growth inhibitory activity on skin tumor cells in vitro. Another two n-hexane and six chloroform fractions also approached this 50% level in this test. For aqueous methanolic preparations we obtained here the same very limited activities as in the case of HeLa and MCF7 cells. Summarizing the results of the screen, it is clear that the highest cytotoxic activities were demonstrated by S. hispanica and S. ringens, while the weakest fractions were obtained from S. argentea and S. sclarea. As S. ringens demonstrated the most pronounced inhibition of cell proliferation (61.8%), it was selected from the studied 23 Salvia taxa for further investigation (Table 1) .
In order to select the plant organ with the highest biological activity, a comparative study of the extracts prepared from roots and herbs of S. ringens was carried out. The results clearly demonstrated that the total acetone extract of roots inhibited cell proliferation more effectively on all three cancer cell lines than the equivalent herb extract ( By studying the cytotoxic activities of the isolated compounds on HeLa, MCF7 and A431 cell lines, it was found that horminone (2), 7-acetyl-horminone (4) and erythrodiol-3-acetate (5) displayed marked concentrationdependent cytostatic effects. Horminone and 7-acetylhorminone were also found to be active as antitumor agents in another investigation [17] . Their antibacterial activities were also proven [5a] . As the IC 50 values indicate, the triterpene erythrodiol-3-acetate (5) has better, and horminone (2) and 7-acetyl-horminone (4) have equal cytostatic activities against HeLa cells as the control, cisplatin (Table 3 ). Since their cell growth inhibitory effects are rather non-specific, the advantages showed on HeLa cell culture were not displayed against MCF7 and A431 cells. Royleanone (1) and 7-O-methyl-horminone (3) had weaker antitumor activities on all the investigated types of cancer cells than the reference substance. The results suggest that esterification of the hydroxyl group at C-7 increases the cytotoxic activity, probably as a consequence of the enhanced lipophilicity [18] . 578 Natural Product Communications Vol. 6 (5) 2011
Janicsák et al.
For the isolation procedure, herbs (62 g) and roots (1340 g) of S. ringens were harvested in September 2004 in the Shumensko Plato National Park, Bulgaria. A voucher specimen (SRS/04) has been deposited in the same Herbarium as that above.
Extraction: For the screening assay, air-dried and powdered leaves of the Salvia species (1.5 g) were extracted with methanol (15 mL) for 15 min by means of an ultrasonic extractor (Tesla, Czechoslovakia). This procedure was repeated 3 times, and the filtered extracts were combined. After evaporation, the residue was redissolved in 20 mL 50% aqueous methanol and subjected to solvent-solvent partition between n-hexane (3×20 mL), and then CHCl 3 (3×20 mL), affording extracts I-III.
For isolation of the pure compounds, dried and powdered roots of S. ringens (1340 g) were soaked for 1 day in 5000 mL acetone at room temperature, then extracted using an ultrasonic bath for 10 min. This procedure was repeated 3 times. The acetone extract was filtered and concentrated under reduced pressure to yield a brown residue (10.0 g).
Isolation procedure:
The concentrated extract (10.0 g) was fractionated by CC over silica gel (200 g), elution being performed with gradient systems of n-hexanechloroform (1:1, 4:6, 3:7, 2:8 and 1:9) and CHCl 3methanol (1:0, 95:5, 1:1 and 0:1). Fractions were combined according to TLC monitoring, and were tested for their cytostatic effect on the HeLa cell line. From the 8 fractions obtained (S1 -S8), the most active ones (S5 and S6) were further purified.
From fraction S5, according to the RP-TLC monitoring, a mixture of 2 components crystallized. Sephadex LH-20 CC (22 g) using the solvent system CHCl 3 -methanol (1:1) afforded horminone (2) (146.3 mg) and 7-acetylhorminone (4) (78.1 mg). The mother liquor, fractionated by means of gel chromatography on Sephadex LH-20, yielded 7-O-methyl-horminone (3) (2.9 mg) and royleanone (1) (11.8 mg).
Fraction S6 was further purified by silica gel CC using a solvent system of n-hexane -CHCl 3 , of increasing polarity (4:6, 2:8, and 0:1), and then with methanol. The combination of similar fractions afforded S61-S65. Subfractions S63 and S64 were further purified by preparative TLC, with ethyl formate -n-hexane (3:7) as the developing system. The most characteristic zones were removed, and CHCl 3 was then used to elute the compounds from the silica powder. With this method erythrodiol-3-acetate (5) (6.8 mg) was obtained from fraction S63, and β-sitosterol (4.3 mg) from S64. 
Erythrodiol

Measurements of cytotoxic activity:
Antiproliferative effects were measured in vitro on 3 human cell lines (Hela, MCF7 and A431, isolated from cervical, breast and skin epidermoid carcinoma, respectively) by means of the MTT ([3-(4,5-dimethylthiazol-2-yl)2,5-diphenyl-tetrazolium bromide]) assay [19] . Briefly, a limited number of human cancer cells (5000/well) were seeded onto a 96-well microplate and became attached to the bottom of the well overnight. On the second day of the procedure, the original medium was removed and 200 µL of new medium containing the test substances was added. After an incubation period of 72 h, the living cells were assayed by the addition of 20 µL of 5 mg/mL MTT solution. MTT was converted by intact mitochondrial reductase and precipitated as blue formazan crystals during a 4 h contact period. The medium was then removed and the precipitated formazan was dissolved in 100 µL dimethyl sulfoxide (DMSO) during a 60-min period of shaking. Finally, the reduced MTT was assayed at 545 nm by using a microplate reader, wells with untreated cells being taken as the control. All in vitro experiments were carried out on 2 microplates with at least 5 parallel wells. Cisplatin was used as positive control. Stock solutions of 10 mg/mL of the tested compounds and extracts were prepared with DMSO. The highest DMSO concentration (0.3%) of the medium did not have any significant effect on the cell proliferation. The dose-response curves of the compounds were fitted by means of the computer program GraphPad Prism 4.0 (GraphPad Software, San Diego, CA, USA), and IC 50 values were calculated.
